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A mcmbranr-associated I-O-alkyl-2-arachidonoyl-GPC hydrolyzing phospholipasc A, WBB identilied in guinea pig epidermis. It is regiospecilic 
(associated with the particulate microsomal rraction) and specific I-or the hydrolysis of l-O-alkyl-?-aracl~idonoyl-srz-glycero-3-pl~ospl~ocholinc. It 
is sensitive to low calcium concentmtions suggesting that it may be activated by increasir.g intracellular calcium. Since ether-linked phospholipids 
are known to exist in the epidermis, rurther understanding ol’thc propcrtics of this I -0.alkyl-arachidonoyl-hydrolyzing PLAl may allow us tocontrol 
the generation or I-0-alkyl-2-lyso-,srr-glyccro-3-phosphocholine, a key substrate l-or the generation of the platclct-activating factor in the tissue. 
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1. INTRODUCTION 
Platelet-activating Factor (l-O-alkyl-2-acetyl-srr-glyc- 
ero-3-phosphocholine) also known as paf-acether 
(PAF), is a potent autocoid which mediates allergic and 
inflammatory reactions [1,2]. Although its production 
vias originally believed to be associated with a wide 
range of vascular cells such as: neutrophils, monocytes, 
vascular endothelial cells and the platelets [3-51, recent 
reports now indicate that human skin fibroblasts as well 
as epidermal cells can biosynthesize PAF [6,7]. 
The parent substrate for the biosynthesis of PAF is 
an ether-linked phospholipid, l-0-alkyl-&arachidonoyl- 
sn-glycero-3-phosphocholine (1-0-alkyl-2-AA-GPC). 
The hydrolysis of this I-0-alkyl-2-AA-GPC by phos- 
pholipase A2 yields two precursors of bioactive lipids: 
l-O-alkyl-Zlyso-GPC and arachidonic acid (AA). The 
ether-linked lyso-GPC undergoes acetylation by the 
transfer of acetyl-CoA into the sn-2 position of the lyso- 
GPC by a specific acetyl-CoA: lyso-PAF acetyltrans- 
ferase resulting in the formation of PAF [t] while the 
AA undergoes oxidative metabolism to yield a family 
of pro- and anti-inflammatory eicosanoids. 
specific PLA? which is specific for the hydrolysis of the 
ether-linked parent substrate, I-0-alkyl-ZAA-GPC. A 
variety of PLAz (notably, those that are calcium-dc- 
pendent) have been described from diverse origins, [9]. 
A new family of PLA? recently been reported to exist 
in the cytosol of various tissues, cells including platelets 
[l I]. The platelet PLAl has been purified to near homo- 
geneity. It is reported to exhibit a molecular mass of 
about 90 kDa and it hydrolyzed phospholipids with an 
arachidonoyl residue more effectively than those with 
a linoleoyl residue. A cytosolic PLAz with a molecular 
weight of 100 kDa and with specificity for hydrolyzing 
1-O-hexadecyl-&arachidonoyl-GPC hasbeen partially 
purified from a macrophage cell line RAW 264.7 [12]. 
This enzyme exhibits optimal activity at pH 8.0 and is 
calcium-dependent. More recently another cytosolic 
calcium-independent, plasmalogen-selective PLAz with 
a molecular weight of 40 kDa has been described in 
canine myocardial cytosolic fraction [ 13,141. Similar 
phospholipases with basic pII optimum have also been 
described in rat lung [14] and in human amnion [16]. 
Since the rate-limiting step of this important biosyn- 
thetic pathway for PAF and AA (arachidonic acid) is 
the activation of a selective phospholipase A, (PLA?), 
major efforts have been directed towards identifying a 
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In contrast o the vast emerging information ofcyto- 
plasmic PLA2 in a variety of tissues and cells, little is 
known about the existence and properties of mem- 
brane-associated PLAl which is selective for the hydrol- 
ysis of I-0-alkyl-2-acyl-GPC. Since such a membrane- 
associated enzyme can be expected to be located within 
the celluiar membrane of the cells where the phospho- 
lipid substrates do exist, we were prompted to explore 
whether such an enzyme exists in the guinea pig epider- 
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mis where phospholipase Aq activities have been de- 
scribed in the tissue and subcellular preparations from 
skin [l&20]. Enthusiasm for this exploratory effort was 
intensified by the recent identification in our laboratory 
of the existence in the epidermis of the alkylacyl- and 
alkenylacyl species of phosphatidylcholine and 
phosphatidyleihanolamine as the most abundant of the 
three subclasses of phospholipids (diacyl-GPCIGDE, l- 
0.alkylacyl-GPC/GPE and I-0-alkenylacyl-GPC/PGE). 
Interestingly, these phosphoglycerides are highly en- 
riched in the sn-2 position by polyunsaturated fatty 
acids (PUFAs) such as: rt-G PUFA: arachidonic acid 
(20:&z-6), 12-3 PUFAs: eicosapentaenoic a id (205~.3) 
and docosahexaenoic (22:6n-3). The latter two n-3 
PUFAs are elevated only after dietary intake. Thtis, we 
present in the present paper, evidence of a membrane- 
associated arachidonoyl-hydrolyzing PLA? enzyme in 
the microsomal compartment of guinea pig epidermis. 
2. MATERIALS AND METHODS 
2.1. Mfmdls 
Malt Hartley guinea pigs (400-450 g) were purchased from Simon- 
scn (Gilroy. CA). [ I-“C]Arachidonic acid @.A. = 55.6 mCi/mmol) was 
purchased from New England Nuclear Research Products (Boston, 
MA). Unlabeled arachidonic acid (5.8.1 l.l4-eicosatetraenoic a id), 
snake venom phospholipasc A, (Iccithinase-A phosphatidc-2.acyl-hy- 
drolasc), L-ti-lysopbosphatidylcholine, I-O-hexadecyl-s/r-Blyccro-3- 
phosphocholine (lyso-platelet activating factor), including cofactors: 
coezyme A and DL-dilhiotreitol (DL-DTT) were purchased from Sigma 
Chemical Co. (St. Louis, MO). Adcnosine-5’.triphosphate (ATP) was 
purchnscd from Boehringcr Mannhcim Biochcmicals (Indianapolis, 
IN), and 5,&l 1,14-eicosatetraynoic acid (ETYA) was purchased from 
Biomol Rcscarch Laboratories Inc. (Plymouth Meeting, PA). 
Hair from the dorsum of normal malt Hartley guinea piss (400-450 
6) was removed by shaving and depilation with sodium thioglycollate 
(Nair, Carter-Wallace, Inc.). After rinsing with deionized water. the 
animals were sacrificed by cervical dislocation and the skin rapidly 
removed. Epidermal slrips (0.2 mm thick) were obtained using a Cas- 
troveijo electrokeratome (Storz, St. Louis, MO) and homogenized 
using a polytron (Brinkmann Instruments, Westbury, NY) in IO vols. 
of ice-coid Tris-HCI buffer (20 mM), pH 7.4 containing 0.25 M su- 
crose and 1 mM EDTA to chelatc ndogenous calcium. The homogc- 
nate was ccntrifuuged at 800 x g for 10 min at 4°C to remove the cell 
and nuclei debris. The resulting supcrnatant was centrifuged at 12,000 
xg for IS min to remove mitochondria. The resulting supernatant was 
finally subjected to ultraccntrifugation at100,000 xg for60 min at 4°C 
in de Beckman L5-50E ultracentrifuge (Beckman Instruments, Palo 
Alto, CA) to give the high speed supernatant and microsomal frac- 
tions. The 100,000 x g supernatant frnction was concentrated IO 
smaller volume and the pellet resuspended in 511 mM phosphate buffer, 
pH 7.4, Protein concentration was determined by the Lowry method 
with bovine serum albumin used as standard. The resuspended pellet 
and the supcrnntant fraction were used as sources ofepidcrmal PLA: 
enzyme(s) for the subsequent incubations. 
2.3. Prquru~io~u of l,0-nlk)~[-2-[‘dCJAA-GPCrtnd i~-~ryf-b[‘~CjAA- 
GPC 
Radiolabeled I-0-alkyl-2.[“‘C]AA.CiPC and I-acyl-2.[l’C]AA-GPC 
were prepared by acylation of [“Cl arachidonic acid ([l%Z](AA) and 
unlabeled ardchidonic acid (50 nmol), into either I-0.alkyl.?.lyso- 
GPC (50 nmol) or I-ucyl-2.lyso-GPC (50 nmol) in I ml ofTris.HCI 
214 
bu!Ter (50 mM) pH 7,4 containing: A’TP (2,s mM), MgCI, (10 mM), 
DTT (0.1 mM). cocnzyme-A (CoASi-i) (0,l mM), sucrose (0.35 M) 
and suspended rat liver microsomal fraction (350~8 protein). Incuba- 
tion was for I5 min and the reaction was terminated by the addition 
of4 volumes of CHCIJCHIOH (2: 1, v/v). The extracted organic pbasc 
containing either the I-0.alkyl-2=[“C]AA-GPC or I-acyl-2.[“C]AA- 
GPC was puritied by thin layer chromatography (TLC), using the 
solvent system: chloroform/methanol/acetic ac dwater (50:37.5:3.5:2, 
v/v/v/v). The respective radiolabeled bands were scraped offthc plates, 
extracted with chloroform/methanol (2:I, v/v) and dried under N1 gas. 
The purified labeled precursors were used as substrates for pl~ospl~o- 
lipase A, assay. 
2.4. MJdrolrsis of ~-O-ulk~~l-2-[‘~C~AA-GPC andl-ucy/-b[“CjAA- 
GPC bj* guineu pig subfrucrions 
The standard assay for the GP PLA: activity included the incuba- 
tion of the suspended particulate (microsomal) fruction of high speed 
cytosolic fraction (containing 600 pg protein) respectively with ap 
proximately 50,000 cpm of either l-O.alkyl.2.[“‘C]AA-GPC or I-acyl- 
2.[‘%]A-GPC in I .O ml of phosphate buffer (50 mM) pH 7.4 contain- 
ing: Ca’+ (0.05-2 mM) and eicosatctraynoic a id (ETYA) (50 PM). 
The incubation was carried out at 37°C for 20 min. For control 
experiments, the microsomal fraction was boiled for 30 min prior to 
incubations. For positive control, snake venom PLAz (25,~) was used 
as enzyme source for incubations. The typical reaction mixture was 
terminated by the addition of5 volumes ofchloroform/methanoI (2:l, 
v/v), the organic phase removed, dried under N, and the hylxlytic 
producls separated by TLC using the solvent system: chloroform/ 
methanol/acetic a id water (50:37.5;3.5:2, v/v/v/v), 
3. RESULTS 
3. I. Hydrolysis of I-my/-2-[*‘C]AA-GPC and Z-O- 
cdkyl-2-[“‘C]AA-GPC by high sped nzicrosomai 
md c~ytosolic fructiotw 
The data shown in Fig. 1 revealed the distribution of 
phospholipasc A? activities in both the cytosolic and 
particulate fractions with significant activity evident in 
the particulate fraction. Furthermore, the hydrolytic re- 
lease of [“C]AA from 1-0-alkyl-2.[“‘C]AA-GPC was 
significantly (P < 0.05) higher than from 1-acyl-2- 
[‘“C]AA-GPC in both cytosolic (Fig, IA) and particu- 
late (Fig. 1 B) fractions. These results uggest that selec- 
tivety of substrate preferentially for I-0-alkyl-2. 
[“C]AA-GPC by a particulate PLA? exists in the GP 
epidermis. 
3.2. Effect of Ca’+ concentration orj epidermd micro- 
sorrd and cytosolic PLA-, aciiviry 
Since a role for CA?’ in arachidonoyl-hydrolyzing 
phospholipase AZ has been suggested in a variety of 
reports, we determined whether or not the guinea pig 
PLAl activities expressed in the particulate and cy 
tosolic compartments evolve from one or more en- 
zymes. The data in Fig. 2B revealed that incubation of 
I-O-alkyl-2-[‘4C]AA-GPC with the particulate nzyme 
preparation in the absence of Ca”’ (chelated with 
EDTA) revealed a negligible basal activity. However, at 
the low extracellular Cal’ concentration of II.05 mM, 
approximately 55% of [“C]AA was released from la- 
beled substrate. This release of [“C]AA increased rap- 
idly and was maximal at 5 mM Ca2’ concentration (Fig. 
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Fig. I. Subcellular distribution of phospholipase At activity in epidermal cytosolic and microsomal fractions. Suspended particulate (microsomal) 
fraction of the high-speed cytosolic fraction (contaming 600 lug protein, respectively) was incubated with either I-0-alkyl-2-[“‘C]AA-GPC (SO,00 
cpn) or I-acyl-2.[“C]AA-GPC (50.000 cpm) in 1 .O ml of phosphate bufleer (50 mM), pH 7.4, containing predetermined, maximal concentration 
of Ca’* (0.05 mM) and ETYA (50 PM). The incubation was carried out at 37°C for 20 min. Reaction mixture was terminated by the addition of 
5 vols. of chloroform/methanol (2:1, v/v). The organic phase was removed, dried and the hydrolytic products eparated by TLC as described in 
the text. Phospholipase activity is expressed as pm01 [“]AA released, per mg protein, per min. The horizontal bars represent the mean f S.E,M. 
of duplicate determinations from 3 separate xperiments. 
2B). Calcium concentrations higher than 0.5 mM inhib- 
ited the hydrolytic activity. In contrast, the incubation 
of the diacyl-GPC (i-ai&yl-2-C’~C]AA-GPC) with the 
particulate nzyme at all concentrations (0.05-2 mM) 
resulted in minimal release of [“C]AA when compared 
to the I-0-alkyl-2-[‘“C-AA]-GPC. This finding suggests 
that selectivity of the microsomal PLA, for the ether- 
linked phospholipid, (l-alkyl-2-acyl-GPC) exists in the 
guinea pig epidermis. 
Incubations of the cytosolic enzyme preparation with 
the diacyl, l-acyl-2-[‘4C]AA-GPC and the ether-linked 
phospholipid, 1-0-alkyl-2-[‘“C]AA-GPC (Fig. 2A) re- 
vealed moderate (15-20s) release of [“C]AA from both 
labeled substrates. This cytosolic enzyme rhras not acti- 
vated at Ca?+ concentrations (0.05-2 mM) tested. 
3.3. Kinetic properties of the rhmsotrtul PLA, 
To gain more information on the preferential hydrol- 
ysis of I-0-alkyl-2-[“C]AA-GPC by the identified par- 
ticulate PLA2, we evaluated the effect of varying con- 
centrations of both substrates on the hydrolytic release 
of [‘“CIAA. As shown in Fig. 3, hydrolysis of the ether- 
linked phospholipid, I-0-alkyl-2-[“C]AA-GPC was 
markedly higher when compared to the diacyl I-acyl-2- 
[“C]AA-GPC, The double reciprocal plots (Line- 
weaver-Burke) of data from both experiments revealed 
that the apparent K, values for l-O-alkyl-Z[‘“C]AA- 
GPC was 0.1 nmol AA/mg protein/min while that for 
1 -acyl-2-[‘4C]A-GPC was 0.16 nmol AA/mg protein/ 
min. 
4. DISCUSSION 
Data from these studies demonstrate the existence of 
a novel membrane-associated arachidonoyl-hydrolyz- 
ing PLA; in the guinea pig epidermis which prefercn- 
tially hydrolyzes 1-0-alkyl-2-AA-GPC. Its activity is 
markedly elevated at low concentrations of Ca” and 
inhibited at higher concentrations. This property of 
marked activity at low Cal’ concentrations uggests 
that the activity of this membrane PLA, may be regu- 
lated by the biochemical events of increased intracellu- 
lar Ca’+lprotein kinase C emanating from the signal 
transduction process. Such a view is consistent with 
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Fig. 2. Effect of Ca?’ concentration on cpidermal micrusomal and 
cytosolic PLAl activity. Epidermal strips were homogenized in the 
presence of 1 mM EDTA prior to fractionation into subcellular frac- 
tions. Each subfrasrion (particulate or cytosolic) was incubated with 
varying concentrations ofcalcium. Extractions and separation ofmc- 
tabolitcs arc as indicated in the legend of Fig. 1. Each poinl repre%enls 
the mean C S.E.M. ofduplicatedaernrination from 3 separatecxperi- 
merits. 
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[SlJ!3StAAtE] mM 
Fig. 3. Kinetic properties of the microsomal PLA?. The suspended 
microsomal PLA3 was incubated with varying concentrations of two 
substrates: the diacyl-GPC (l-alkyl-2-AA-GPC) and ether-linked 
phospholipid, I-0-alkylacyl-GPC (I-0-alkyl-2.AA-GPC). Each point 
represents themean z S.E.M. of duplicate determinations from 3 
separate xpcrimcnts. The inserts show the results from the double 
reciprocal plots. 
reports [23,24] that Ca?* and protein kinase C (PKC) 
may regulate the biosynthesis of platelet activating fac- 
tor. 
In contrast to the vast nilmber of cytosolic PLA? 
described in other cells and tissues, the particulate ara- 
chidonoyl-hydrolyzing PLAl described in these studies 
is regiospecific (microsomal) and substrate specific (will 
hydrolyze the alkyl acyl (l-0-alkyl-ZAA-GPC) and not 
the diacyl (I -alkyl-2-AA-GPC). Furthermore, unlike 
the microsomal PLA? reported in the rat lung [24], the 
guinea pig microsomal PLA? is extremely sensitive to 
low concentrations of calcium. 
Although it has been reported that the stimulation of 
isolated human epidermal cells with Ca?+-inophore 
(A23 187) results in the production of PAF 171, the mech- 
anism of this inductive generation of PAF is unknown. 
One possibility is that the microsomal, regiospecific ar- 
achidonyol-hydrolyzing PLA? for 1-0-alkyl-ZAA-GPC 
is activated after stimulation by CY+-ionophore. This 
activation results in an inward flux of extracellular cal- 
cium, resulting in an increase in intracellular Cal+ which 
then activates the microsomal phospholipase A?. The 
consequence of this activation is the generation of PAF 
precursor ( 1 -O-alkyl-2-lyso-sn-glycero-3-phosphocho- 
line), its acetylation by the transfer of acetyl CoA into 
92-2 position of the alkyl-2-lyso-GPC by the enzyme 
acetyl-CoA: I-0-alkyl-2.lyso-sn-glycero-3-phosphocho- 
line transferase and the formation of PAF. The acti- 
vation of the microsomal PLAl by low Ca” concen- 
trations described in these studies seem consistent with 
the described activation of PAF production by human 
epidermal cells. Further studies are, however, war- 
ranted to delineate this possible mechanism of action. 
Furthermore, elucidation of the properties of this novel 
epiderrnal microsomal arachidonoyl-hydrolyzing PLAz 
may allow us to regulate the hydrolytic release of sub- 
strates for the synthesis of pro-inflammatory lipid medi- 
ators. 
Ac~l?o~l,l~~f~~r!rrlln?rs: This study was supported in part by Grants 
AR30679 and AR39C-10 from the U.S. Public Health Service. The 
authors express their thanks to Nancy L. Loch for typing of the 
manuscript. 
REFERENCES 
[I] Demopoulous, CA., Pinckard, R.N. and Hanahun, D.J. (1979) 
J. Biol. Chem. 254, 9355-9358. 
[2] Ulank, M,L., Snyder. F.. Byers, L.W., Brooks, B. and Muirhctid, 
E.E. (1979) Biochem. Biophys. Rcs. Commun. 90, 1194-1200. 
[3] Roubin, R., Tcnce, M., Mencia-Hucrta, J.M., Arnoux, B. and 
Kinnistc, J. in: E. Pick (Ed.), Lymphokines. Academic Press, New 
York, 1983, pp. 249-272. 
[4] Lee, TX., Lcnihan, D.J., Malone, B., Roddy, L.L. and Wasser- 
man, L, (1984) J. Biol. Chcm. 239, S52G-5530. 
[5] Camussi, G., Aglietta, M., Malvasi, F.. Tetta, C., Piacibcllo. W. 
and Bussolino, F. (1983) J. lmmunol. 131, 2397-2401. 
[6] Michel. L.. Denizot, Y., Thomas, Y., Jean-Louis, F.. Pitton, C. 
and Dubcrtret, L. (1990) J. Immunol. 141, 943-953. 
[71 
P-Y 
[91 
[lOI 
[I II 
F:$ 
iI41 
1151 
WI 
[I71 
1181 
P91 
;:y; 
WI 
1231 
P41 
Michel. L., Dcnhot, Y., Thomas, Y., Jean-Louis, F., Mesh, IV., 
Benvenistc, J. and Dubertrct, L. (1990) J. Invest. Dcrmatol. 95, 
57G-581. 
Wykle, R.L., Malone, B. and Snyder, F. (1980) J, Dial. Chcm. 
255, IO256-10260. 
Davidson, F.F. and Dennis, E,A, (1990) J. Mol. Eval. 31, 28% 
23s. 
Alonso, F., Henson, P.M. and Leslie, CC. (198(i) B&him. Bio- 
ohvs. Acla. Y78. 273-280. 
?aiayi~ia, K.,‘Kudo, I., Kim, D.K,, Nagata, K., Nozawa, Y. 
and Inoue. K. (19911 FEDS LETT. 282. 326-330. 
Leslie, C.C. et iI. J, ‘Biol. Chcm. 266, 11366-l 1371. 
Wolf, R.A. and Gross, R.W. (1985) J. Dial. Chem. 260, 729% 
7303. 
Haecn, S-L,. Stuppy. R.J. and Gross, R.W. (1990) J. Biol. Chem. 
265, 10622-10630. 
Nijssen, J.G., Roosenboon, C.F.P. and Van den Bosch.. l-1. 
(1986) Biochim. Biophys. Acta, 876, 61 I-618. 
Ban, C., Billsh. M.M., Truong, CT. and Johnston, J.M. (198(i) 
Arch. tliochem. Biophys. 246, 9-l 8. 
Channon. J.Y. and Leslie, CC. (1990) J. Biol. Chem. 2G5.5409- 
5413. 
Norris, J.F.B., Ildenon, E., Ynrdley, H.J.. Summerly, R. and 
Forster, S, (1984) Br. J. Dcrmarol. I I l(suppl. 37), 195-203. 
Forstcr, S.. llderton. E., Norris, J.F.D., Summerly, T. and 
Yardley, H.J. (1985) Br. J. Dermatol. 112, 135-147. 
Ziboh. V.A. and Lord, J.T. (1974) Biochem. J. 184, 283-290. 
Verhagen, A., Bcrgcrs, M ., vnn Erp, P.E.J ., Gornmans, J.M.. van 
de Kerkhof, P.C.M. and Mier. P.D. (1984) Br. J. Dcrmato!. I IO, 
731-732. 
Whatley, R.E., Nelson, P., Zimmerman. GA.. Stevens, D.L.. 
Parker, C.J., McIntyre, T.M. and Prescott, S.M. (1989) J. Biol. 
Chem. 264, 6325-6333. 
Mclntyrc, TN., Rhcinhold, S.L., Presscott, SM. mid Zimmcr- 
man, G.A. (1987) J. Biol. Chem. 262, 15370-15376. 
Angle, M.J., Paltauf, P. and Johnson, 1. (1988) Biocilim. Biophys. 
Acla. 962, 234-240. 
216 
